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I  -  I  NT^OS'JCTI  CMS  AND  C5JETI VE  3 

'The  self-catalytic  deposition  of  nickel  ha9  been  since 
some  years  ago  an  important  objetive  for  many  investigators, 
fully  justified  by  itself  due  to  the  peculiar  characteristics 
of  the  chemical  process  and  to  th9  technical  applications 
derived  from  it. 

In  1346,  A.  V.urtz  was  able  to  verify  that  the  aqueous 
solutions  of  nickel  hypophosphite  undergo  a  partial  reduction 
when  they  are  submitted  to  temperatures  of  about  1CQ2C. 

Afterwards,  ,P-*-"3rateau,  in  1911,  was  abla  to  demonstrate 
in  the  Sj3^wey  that  the  reduction  is  self-catalytic  and  that 
th^K'raduced  nickel  contained  phosphorus.  The  bibliography  is 
abundant  in  this  subject  and  it  can  be  said  that  at  the  presen 
time  its  study  still  continues  to  arouse  interest,  a  great 
number  of  reducing  agents  have  been  studied  and  that  some 
processes  are  protected  by  patents  in  different  countries. 

The  Laboratories  of  this  Section  have  not  remained  indif¬ 
ferent  to  the  problem  and,  conscious  of  its  interest,  they 
have  developed  a  process  for  the  self-catalytic  deposition  of 
nickel  on  different  metallic  substrates  and  very  especially 
on  aluminum  and  its  alloys. 


A  detailed  study  of  the  chemistry  of  the  reduction  process 
of  nickel  by  means  of  hypophosphorous  iona  in  aqueus  solutions 
has  enabled  us  to  confirm  the  fact  that  the  solutions  have 
msta3table  character  and  are  highly  sensitive  as  far  as  they 


INTA 


ara  concsrnad  to  some  substancas  the  praaenca  of  which  might 
inhibit  tha  raaction.  It  ganarally  accaptad  that  in  tha 
nickel  reduction  b.v  naans  of  hypophosphits  icn3  tha  followinc 
reactions  take  place  fundamentally : 


♦  pc _h;  «.  h  o 

i  eL  c.  d 


P07H2  ♦  H20 


being  necessary,  likawi3a,  to  admit  other  secondary  reactions 
by  means  of  which  the  hypophosphite  ion  is  reduced  to  phospho¬ 
rus  since  the  reduced  nickel  contains  it  in  variable  proportions 
according  to  work  conditions. 


»i  *  P03H2  *  2H* 

(I) 

PC3H2  *  H2 

(II) 

The  reaction  Lsbowsthat  there  is  a  liberation  of  protons 
the  concentration  of  which  may  reach  such  a  value  that  could 
hinder  the  reduction  of  the  Mi**  ions.  It  will  be  necessary, 
in  any  case,  a  convenient  buffer  action  to  maintain  the  pH 
values  within  the  adagu-ota  limits  for  an  extended  utilization 
of. the  solutions.  The  reactions  I  and  II  show  that  the 
reduction  of  the  Mi**  ions  and  the  dehydrogenation  of  tha 
hypophosphite  ions  convey  to  the  formation  of  phosphite  ions 
which  limit  considerably  the  use  of  the  solutions  since  nickel 
phosphite  is  precisely  insoluble  at  the  mors  acceptable  pK 
values  of  the  process.  The  nickel  phosphite  produced  in  the 
reaction  may  form  crystallization  nuclei  which  besides  prod¬ 
ucing  defective  deposits  could  cause  the  spontaneous  decom¬ 
position  of  the  solution,  A  conveniently  formulated  solution 
should  contain,  besides  the  nickel  salts  as  source  of  nickel 
ions,  complex  forming  agents  capable  of  hindering  the  formation 
of  basic  nickel  salts,  a  buffer  system  capable  of  maintaining 
the  pH  in  optimum  conditions  during  long  work  periods  and 
capable  likewise  of  maintaining  in  solution  the  nickel  phos¬ 
phite  produced  in  the  reaction,  the  presence  of  which  ie 
undesirable  for  the  above  mentioned  reasons  and  which  compels 
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to  a  frequent  if  not  continued  filtration  of  ths  solutions 
which  may  create  a  serious  problanwhan  the  phosphite  does  not 
reach  tha  crystalline  form. 


Taking  into  consideration  all  that  has  previously  been 
explained,  as  far  as  the  reaction  mechanism  is  concerned,  as 


well  as  the  conditioning  of  the  metallic  surfaces  which  receive 
self-catalytic  nickel  deposits,  our  program  is— feLearly  dif  — ~ 


f arentiated  as~far  aa-its  objectives: 


1  -  Formulation  of  the  solutions  capable  of  yielding  self- 

catalytic  nickel  deposits  on  different  metallic  substrates. 
This  requires  in  its  turn;  - y 


a)  Selection  of  the  nickel  salts,  portable  of  nickel  ions, 
with  the  necessary  purity  to  guarantee  the  efficiency 
of  the  process  as  well  in  the  initial  preparation  of 
the  solutions  as  in  its  replacement  in  the  needed 


amounts  to  maintain  the  Mi 
adequate  lavals. 


.  *♦ 


ions  concentration  aJ 


:he 


b)  Selection  of  ths  complex  farming  agents,  compatible 
with  tha  nickel  salt  and  the  hyoophosphite  ion  used 
as  reducing  agent,  which  will  hinder  the  formation  of 
basic  salts  as  well  as  nickel  phosphite  and  maintain 
the  deposition  rate  within  acceptable  limits.  The 
association  of  these  components  should  have  likewise, 
the  sufficient  buffer  capacity  to  maintain  tha  pH 
value  within  such  limits  that  the  reaction  will  not 
be  sensibly  affectsd. 

c)  Selection  of  stabilization  system  adequatsd  to  the 
composition  of  ths  solutions  and  the  consumption  rata 

of  which  might  be  exactly  controlled.  Ths  stabilization, 
should  not  sansibly  effect  tha  deposition  rata  and  its 
yisld. 


d)  Selection  of  the  necessary  additives  to  reduce  the 
porosity  of  the  deposits  or  afford  other  properties 
and  the  presence  of  which  in  no  case  should  sensibly 
\  either  affect  the  deposition  rata  or  the  yield. 

2  -  Selection  of  the  surfaces  conditioning  process  according 
to  the  proper  characteristics  of  tha  base  metal.  The 
metallic  surfaces  conditioning  is  in  any  case  a  factor  of 
primary  importance  in  order  to  insure  a  successful  protec¬ 
tion.  In  the  case  of  tha  self-catalytic  nickel  depositions 
the  said  surfaces  conditioning  reaches  its  highest  require¬ 
ments  being,  probably  the  aluminum  and  its  alloys,  the 
metal  which  presents  tha  major  problems  and  to  which,  in 
our  work  program,  it  ha9  bean  devoted  a  special  attention. 


II  -  experimental  past 


1  -  FORMULATION 

The  products  used  in  th^  different  solutions  formulation 
for  our  experiments  have  been  of  the  highest  purity  and 
its  relation  is  the  fallowing: 


Nickel  carbonate;  -  CC^Ni  2 N i { j H } ^  •  4H_j 
Nickel  sulfate;  -  SG^Ni  .  7H.,Q 
Nickel  hypophosphite;  -  Ni.SH.,3 

Citric  acid;  -  CgH-jG^.H^O 
Glycolic  acid;  - 

Hypophosphorous  acid;  -  PC,!^  {5C.1  in  weigth;  specific 


gravity  »  1.25) 


Di-ieopropanol-anine;  -  CgH^gCN 
Ammonium  hydroxide;  -  "!H^CU 


The  nickel  sulfate  has  bsen  used  only  in  those  tests  carritd 
out  to  study  the  influence  of  ths  "i** 


ions  concentration 


for  a  constant  PQ-H^  ions  concentration. 

2  c 

The  hypophoaphorous  acid  has  baan  u  sad  in  those  tasts  csrriad 
out  to  study  the  influence  of  bhe  ?!%■-<”  ians  concentration  for 
a  constant  \!i**  ions  ; cncantration. 

The  nickel  hypophosphite,  (P0_H  )  Ni.6H„G  has  been  usad  whan 

£  £  £  £ 

the  joint  replacement  of  \'i*  end  ions  has  been  raquirad. 

In  our  work,  finally,  two  solutions  have  bean  selected,  the 
•composition  and  operating  characteristics  of  which  will  be 
exposed  further  on,  its  performance  has  been  found  satisfactory 
as  concerning  deposits  quality,  deposition  rate  and  stability, 
exempt  from  sulfates  and  the  replacement  of  which  has  only 
required  tha  addition  of  nickal  hypophosphite,  hypophosphoroue 
acid  and  a  correct  adjustment  of  the  pH  by  means  of  ammonium 
hydroxide. 

The  preparation  of  the  base  solutions  for  our  experiments 
includes  the  following  phases: 

-  Dilution  of  the  acid  (citric  or  glycolic)  in  distilled  wate 

-  Nickal  carbonate  addition  in  snail  portions  with  constant 
stirring  until  complete  dilution. 

-  Addition  of  a  5G^  solution  of  di-isopropanol-anine. 

-  Filtration  over  whatman  paper  n$  42. 

-  Hypophoaphorous  acid  addition. 

-  Addition  of  ammonium  hydroxide  until  obtaining  the  working 

pH. 

-  Dilution  with  distilled  water  up  to  expected  final  volume. 


I  N  T  A 


The  amounts  of  aach  component,  tha  relation  of  which 
has  been  exposed,  have  baen  in  every  case  the  necessary 
ones  to  reach  tha  expected  concentrations  in  our  experi¬ 


ments. 


2  -  PANELS 


The  variables  of  the  deposition  process  (components 
concentration,  temperature,  pH,  stirring,  etc.),  until 
obtaining  ths  setting  up  of  the  proper  solutions,  have 
been  studied  employing  laminated  in  cold  F-lll  steal 
panels.  Cnee  the  most  satisfactory  formulations  were 
obtained,  the  process  has  been  carried  out  on  copper, 
aluminum  and  L-3140  alloy  panels. 

2.1.  Steel  panels  conditioning. 

In  all  our  test3  the  steel  panels  were  submitted 
to  a  cleaning  treatment  in  trichloroethylene 
chamber  followed  by  an  alkaline  fat  removal  process 
through  immersion  in  a  solution  with  the  following 
composition: 

Sodium  hydroxide  . .  25gn/l. 

Trisodiun  phosphate  .  4Qgm/l. 

Being  tha  working  temperature  in  ths  rahga  35.... 
9C*C  during  15  ...  2C  min.  with  strong  stirring. 

The  panels  were  subsequently  rinsed  with  tap  water 
first  and  then  with  distilled  water,  aftsrwards 
they  wey  were  subjected  to  an  activation  process 
by  immersion  at  room  temperature  in  a  solution 
with  the  following  composition: 

Perchloric  acid  . .  2Q.j  (by  volume) 

Flucrhidric  acid  . .  5,i  (by  w  ) 

during  4  ...  3  minutas.  After  being  rinsed  with 


wywrtiPfp.iM"n|  ^ 
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tap  and  distilled  water  the  panels  were  introducsd 
in  the  self-ca tniy tic  nickel  solution. 

Cthsr  steal  surfaces  conditioning  methods  have  been 
testae  in  our  Laboratories  and  iikawise  with  satis¬ 
factory  results.  The  electrolytic  pickling  in 
sulfuric  acid  solutions  end  the  immersion  in  concen¬ 
trated  sulfuric  acid  are  among  then,  preceded  in  any 
case,  by  the  above  mentioned  cleaning  process.  .'a 
do  not  object  its  utilization  but  we  must  emphasize 
the  fact  that  the  self-catalytic  nickel  deposition, 
being  specially  indicated  on  parts  with  complicated 
conformation,  could  ha  conditioned  by  a  conditioning 
of  the  surfaces  of  doubtful  efficiency  in  this  respect 

2.2.  Copper  panels  conditioning. 

In  all  our  tests  the  electrolytic  copper  panels  were 
subjected  to  a  fat  removal  process  in  trichloroethy¬ 
lene  chamber  followed  by  a  chamical  polishing  through 
immerssion  in  a  solution  with  the  following  composi¬ 
tion: 


Titris  acid  (sp.gr.  =1.42) .  2C^(by  volume) 

Propionic  acid  .  25u(  "  "  ) 

Phosphoric  acid  (  sp.gr  .=1.73  ) .  55. >(  "  "  ) 


at  5C...652C  during  2. ..4  min.  The  panels  were 
rinsed  with  tap  water  and  afterwards  with  distilled 
water  and  introduced  in  the  self-catalytic  nickel 
solution. 


Cther  chemical  polishing  processes  3ucn  as  the 
immersion  in  sulfuric  acid/ potassium  bichromate 
solutions  have  been  used  in  our  laboratories  vith 
squally  satisfactory  results. 


2.3  Aluminur 


or.d  L-314C  alloy  panels  conditioning. 

The  sequences  which  constitute  the  aluminum  anc  L-3142 
alloy  surfaces  conditioning  followed  in  these  Labora¬ 
tories  are  the  following: 

-  Fat  removal  in  trichloroethylene  ohanber. 

-  Immersion  in  an  alkaline  solution  with  the  following 
composition : 


Anhydrous  Sodium  Carbonate  .  5C  grn/1. 

Sodium  hydroxide  . . 1C  gm/1. 

Triethanolamine  (TCA)  . 2G  gm/1. 

Sodium  nitrite  .  1C  gm/1. 


at  35  ...3C2l  during  3. ..3  minutes. 


-  Rinsing  with  tap  water  followed  by  rinsing  with 
distilled  water. 

-  Immersion  in  nitric  acid  1:1  (by  volume)  during 
5  minutes  at  room  temperature. 

-  Rinsing  with  tap  water  followed  by  rinsing  with 
destilled  water. 

-  Immersion  in  a  zincate  solution  with  the  following 
composition: 

Tristhylene  tetramine  (TITA) 

Triethanolamine  (TIA)  . 

Sodium  hydroxide  . 

Zinc  oxide  . . . 

..atar  . . 

The  dilution  of  the  zinc  oxide  is  slow  and  reouires 


a  strong  stirring  at  room  temperature. 

The  zincata  was  carriati  out  at  35...9C2C  during 
3C . . . oc  sec# 

-  Rinsing  with  tap  water  followed  by  a  careful  rinsing 

with  distilled  water.  \ 

-  Immersion  in  the  self-catalytic  nickel  solution. 

2.3.1  Commentaries: 

The  conditioning  of  the  aluminum  and  L-314C  alloy 
panels  followed  in  our  Laboratories  present  peculiaritiai 
as  a  consaquenca  of  the  specific  characteristics  of 
the  base  metal  which  we  consider  convenient  to  comment. 

The  treatment  in  the  alkaline  solution,  the  composition  ; 
and  working  conditions  of  -which  were  exposed,  produces 
on  t.ma  L - 3 1 4 3  alloy  panels  obscure  sludges  slightly 
adhesive  and,  in  any  case,  easily  soluble  in  1:1  nitric 
acid  solution. 


The  loss  of  material  is  minimal  and  the  state  of  the 
surfaces  is  completely  satisfactory  to  receive  the 
following  zincate  treatment. 


The  zincate  process  developed  in  our  laboratories 
presents  remarkable  differences  in  contrast  to  the 
conventional  method  known  as  ''double  zincata".  The 
solution  usad  in  our  process  contains  a  high  zinc 
ccncantra tion  due  to  the  presence  of  TETA  and  TEA  whichj 
at  tha  sane  time  prevents, to  a  certain  degree,  the 
precipitation  of  the  aluminum  hydroxide  eventually 
formed,  baing  easily  eliminated  by  filtration  if  its 
prasance  takes  place  as  a  consequence  of  the  long 
us®  of  the  solution. 


Vi 


lasiaaeSSik. 


MUTT* 


INTA 


P4fl.  1 


Tha  sccium  hydroxide  concentration  i3  considerably  lower 
than  the  one  of  the  conventional  solutions  and  the  risk 
of  car'ocnatation  is  therefore  diminished  so  that  the  useful 
life  of  the  solution  is  appreciably  longer. 

Gur  experiments  have  shown  that  the  replacement  of  the 
spent  zinc  may  be  done  with  periodical  additions  of  a 
solution  with  the  following  composition: 


Triethylene  Tetramine  (TZTA)  .  3CC  mil. 

Triethanolamine  (TEA)  .  ILK)  mil. 


Zinc  oxide 


'is  ter 


75  grr. 

up  to  1  liter. 


3eing  necessary  to  carry  out  the  previous  analytical 


determination  of  the  Zn**" 


:o  maintain  in  at  tha  concentration 


already  indicated  in  the  process  stages, determination  which, 
on  the  other  hand,  doe^  not  present  major  difficulties 
following  the  conventional  analytical  methods. 

Cur  experiments  have  likewise  demonstrated  that  it  is 
sufficient  only  one  immersion  in  the  zincate  solution  to 
obtain  satisfactory  deposits  with  which  the  "double  zincate" 
is  eliminated,  the  mechanism  of  which  is  not  satisfactorily 
explained . 

The  zinc  deposits  obtained  by  immersion  in  the  solution, 
the  formulation  and  working  conditions  of  which  we  indicated 
present  a  great  adhesion  in  contrast  with  the  adhesive  tape 
and  its  porosity  is  inqppaciable  in  contrast  to  the  immersion 
test  in  boiling  water  during  1  hour. 

he  must  emphasize  the  fact  that  the  zjjieate  process 


» 
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followed  in  our  laboratories  for  the  aluminum  and  L-314C 
alloy  panels  conditioning  coes  not  exclude  the  possibility 
of  using  ths  "doubla  zincate”  process  for  tha  deposition 
of  the  self-catalytic  nickel  by  means  of  tha  process  devel¬ 
oped  likewise  in  these  Laboratories.  At  the  sane  time  we 
consider  important  to  point  out  that  the  zincate  process 
carriad  out  in  our  Laboratorias  is  apt  to  receive  s-sif- 
catalytic  nickel  daposits  coning  from  commercial  firms  as 
our  experience  has  demonstrated . 

In  table  I  tha  results  obtainad  in  a  series  of  tests  carried 
out  an  aluninum  and  L-314G  alloy  are  shown,  where  the 
following  data  are  considered:  the  material  loss,  the 
weight  of  tha  zinc  deposit  and  its  thickness  with  regard 
to  the  immersion  time.  In  all  the  cases  the  working 
temperature  has  baen  of  35...  90*  Z  on  pansls  with  1  dm** 
and  in  a  solution  volume  of  1  litsr. 


rABLE  I 


Panel 


Aluminum 


Aluminum 


v 

Aluminum 


L-3140 


L-3143 


L-3143 


Time  Weight  loss 
(min.)  (gm) 


0.335 


.315 


nip 

L*  #  J 


0 .305 


3.310 


3.32C 


Deposited  Zn 
( gm) 

3. 

>020 

—  e 

1 050 

—>  a 

060 

0. 

.020 

C.C40 

0, 

,065 

0.56 


0.91 


It  can  be  seen  that  tne  material  loss  is  minimum  tnd  that 
rears  no  substantial  differencss  betwssn  ths  aluminum  and 
the  L-314Q  alloy;  it  can  os  o- served  likewise  that  tha 


dOI 
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zinc  deposit  increases  with  the  immersion  time.  Inis 
characteristic  is  very  important  since  although  the  zinc 
deposits  are  equally  uniform,  adhesive  and  free  of  pores, 
independently  of  their  thickness,  the  self-catalytic  nickel 
deposits  are  defective  when  ths  zinc  deposit  is  high;  which 
compels  to  work  with  small  thickness  deposits,  times  of 
3C...SC  seconds  of  immersion  in  the  zincate  solution  being 
sufficient.  The  interprstation  we  give  to  this  fact  is 
the  following:  The  zinc  layer  protects  the  aluminum  and 
its  alloys  from  their  oxidation  in  the  presence  of  air 
but  the  self-catalytic  nickel  deposition  does  not  take 
place  on  the  zinc  layer  since  it  is  dissolved  when  intro¬ 
duced  in  the  nickel  solution  on  working  conditions.  It  is 
then  necessary  for  the  zinc  layer  to  have  the  sufficient 
thickness  to  hinder  the  aluminum  oxidation  and  at  the  same 
time  that  the  said  thickness  be  the  minimum  in  order  that 
its  dilution  in  the  nickel  solution  may  rapidly  take  place 
and  the  nickel  deposition  may  take  place  on  the  aluminum 
surface  totally  free  of  oxide.  It  is  possible  then  that, 
upon  the  initiation  of  the  reaction  a  zinc  codeposition 
could  eventually  take  place  but  not  a  superposition  of 
layers.  In  all  our  tests  we  have  observed  that  ths 
reaction  takes  place  immediately  and  that  in  the  first 
minutes  the  nickel  deposit  is  black  and  acquires  the  proper 
color  of  this  metal  during  the  course  of  the  reaction. 

The  immersion  in  the  self-catalytic  nickel  solution  should 
immediately  follow  the  zincate  of  the  panels,  '.vs  want  to 
consider  also  here  as  valid  ths  above  mentioned  argument 
since  in  many  tests  carried  out,  it  has  been  pointed  cut 
that  the  zinc  layers  exposed  to  the  air  during  long  periods 
of  time  present  a  greater  chemical  inertia  to  the  nickel 
solution  than  the  mors  recently  obtained  ones. 

Ths  zinc  1  .ysrc  obtained  by  means  of  the  process  we  have 


r! ascribed  in  2.3  ars  light  gray,  uniform,  adhesive  anc 
non  porous  even  with  high  thicknesses.  'ieverthalass,  we 
insist  that  the  inversion  times  should  be  between  32  and 
SC  seconds  in  ordar  to  obtain  satisfactory  nickel  deposits 
since  the  zinc  layer  is  rapidly  dissolved  by  the  nickal 
solution . 

3  -  'AIZXSl  l£?G3ITI2h 

3.1  forking  conditions. - 

We  describe  below  the  conditions  under  which  the  work  has 
been  carried  out  for  the  obtainment  of  nickel  deposits 
starting  from  two  solutions  the  composition  of  which  are 
indicated  further  on. 

-  In  all  our  tests  we  have  worked  with  a  2  liter  solution 
contained  in  high  glass  flasks  and  the  heating  was 
produced  by  electric  plate. 

-  Ths  homogenization  of  the  solutions  during  all  the 
treatment  has  been  carried  out  by  magnetic  stirring. 

-  The  pansls  were  suspended  by  means  of  iron  wire  during 
the  treatment.  In  thesa  conditions  the  copper  panels 
immediately  receive  the  nickel  as  a  consequence  of  the 
potential  difference  established  between  both  metals  in 
contact. 

-  Plane  rectangular  panels  were  used,  of  G.5  and  1.2  dm^ 
of  surf ace, the  nature  and  conditioning  of  which  has 
bean  dascribed  in  2,  with  the  purpose  of  evaluating  the 

effect  of  the  2/7  relation  on  the  deposition. 

-  Special  attention  has  been  paid  to  a  rigorous  control 
of  the  ph  and  working  temperature. 


3.2  Composition  ot  the  solutions. 

In  our  work,  two  typical  solutions  have  been  used, 
composition  of  which  is  indicated  balow,  and  which 
were  formulated  as  it  was  shown  in  II. 


Solution  A 


Glycolic  acid  ...... 

Di-i sop rap anal-amine 
Hypophosphorous  acid 
Additive  1  ......... 

Additive  2  . . . 

Ammonium  hydroxide  . 


•3.1  gm/ 1 
50.0  " 

20.0  " 
10.0  '•  . 
15  p.p.m. 
0.5  gm. 
until  pH 


v  0.14  M). 
(0.63  K). 
(0.15  n . 
(0.15  M). 


=  4.3. 


Temp.*  35  ....  90SC 


Solution  E 


. 

. ..  3.1  gn/1 

( C  .14 

Glycolic  acid . . 

...  40. C  " 

(  U  •  5  Li 

) 

Citric  acid  . . . 

...  15.0 

(3.C7 

Di-isopropanol-amine  ... 

...  20.0 

(0.15 

M) 

Hypophosphorous  acid  ... 

...  10.0  " 

(0.15 

•  ••  15  pep  • 

Additive  2  ............. 

...  0.5  gm. 

Ammonium  Hydroxide 

...  until  pH 

II 

• 

CD 

• 

Temp.  *  35  ....  932C 


the 


■Wl 


3.3  Cbtainmant  of  deposits 


The  composition  of  the  solutions  which  we  have  £ 

indicated  constitutas  the  starting  rasa  for  our  *’ 
tesis  and  with  which  completely  satisfactory  rasults 
have  been  obtained.  The  deposition  rate,  in  both 
solutions,  does  not  show  significant  differences 
(-15.. .20  microns/hrj  and  the  aspect  of  the  deposits 
do  not  show  significant  differences  aithar.  In 
both  solutions  the  yield  (consumption  of  gn 

of  deposited  nickel)  remains  within  the  same  limits 
(3.5  ...  4.5). 

The  solutions  are  stable  and  the  deposition  rate 
kasps  within  acceptable  values  during  long  periods 
of  use  with  the  adequate  replacement  of  \'i** 
and  additive  1  to  maintain  the  concentration  of  these 
at  its  initial  value.  In  our  experiments  we  have 
been  able  to  confirm  that  such  deposition  rate  is 
reduced  to  3  ...1C  microns/hr.  whan  there  were 
already  deposited  15  ...  2C  gm  of  nickel  per  liter 
of  solution. 

At  no  time,  during  the  use  of  the  solutions  until 
the  above  mentioned  nickel  deposition  was  reached, 
the  nickel  phosphite  formation  could  ba  estimated 
and  the  slight  diminution  of  the  pH,  in  every  test, 
has  demonstretsd  that  tie  solutions  are  well  buffered 
and  the  complex  forming  agents  are  highly  sfficisnt 
to  hinder  the  precipitation  of  basic  salts  and  of 
phosphite. 


In  some  teste  the  deposition  of  nstallic  nickel 
has  been  verified,  firmly  adhered  on  the  bottom  of 
the  flask  precisely  in  the  zone  where  the  magnetic 
stirrer  Has  caused  an  abrasion  .of  the  glass  and 
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whara  a  superheating  of  the  solution  must  occur. 

This  circumstance  nay  bs  avoided  smploying 
another  heating  and  stirring  method. 

The  eventual  presence  of  undesirable  products  {organic 
matter,  dust,  etc.)  nay  be  eliminated  by  means  of 
treatment  with  active  carbon  followed  with  filtration 
through  Whatman  paper  n-  42.  This  treatment  requires 
the  replacement  of  additives  1  and  2  since  they  are, 
likewise,  eliminated  by  the  active  carbon. 

The  solutions  have  maintained  themselves  transparent 

and  with  an  intense  green  color  throughout  the  utilization 

time. 

The  reaction  takes  placa  immediately  on  the  panels 
made  with  the  materials  and  surface  conditioning  indi- 
catad  in  2  using  the  suspension  system  indicated  in 

3.1. 

\ 

In  the  zincatsd  aluminum  panels  the  reaction  takes 
place,  likewise,  immediately  upon  being  introduced  in 
the  solution  with  the  consequent  nickel  deposition 
that  in  the  first  minutes  has  a  black  cnlor  acquiring 
afterwards  the  proper  color  of  this  metal.  The  interpra 
tation  given  to  this  fact  is  that  there  is  no  nickel  j 
deposition  on  the  zinc  layer  but  a  dilution  of  the 
latter  with  the  possibility  of  a  dscopoaition  which 
takes  placs  in  a  short  period  of  tine,  the  normal 
nickel  deposition  taking  place  afterwards.  This  aspect 
of  the  proceaa  has  been  already  indicated  in  2.3*1. 

With  the  -solutions  employed  in  our  tests,  the  compo¬ 
sition  of  which  is  indicated  in  3*2,  the  influence  of 
the  temperature  and  of  the  working  pH  does  not  present 
worth  mentioning  differences  as  compared  with  other 


processes  also  tasfcad  in  our  Laboratories.  Ths  deposition 
rate  increases  with  the  temperature  and  the  pH.  never¬ 
theless,  our  experience  recommends  to  work  at  temperatures 
of  3 5  ...  9C2C  and  pH  values  of  4.5  ...  5.C.  Although 
higher  temperatures  increase  the  deposition  rate,  they 
do,  on  f'e  other  hand,  augment  the  risk  of  decomposition 
and  may  considerably  diminish  the  yield.  The  solutions 
are  likewise  essentially  more  unstable  at  higher  pH  than 
the  ones  indicated  and  below  the  inferior  p'J  limit  the 
deposition  rate  sensibly  decreases  also  with  on  equally 
diminution  of  the  yield. 

Tha  5/V  relation  ia  of  utmost  importance  in  a  great  many 
number  of  chemical  conversion  processes,  electro-depo¬ 
sition,  etc.  but,  probably,  the  salf-catalytic  deposition 
is  the  most  exigent  in  this  aspect.  Our  experiments  have 
demonstrated  that  the  lower  this  relation  is,  the  higher 
is  the  quality  of  the  nickel  deposits. 

We  have  considered  as  most  satisfactory  a  maximum  relation 
2 

of  1.5  dm  /l.  In  these  conditions,  an  unbalanced  relation 
of  components  is  not  produced  and  the  buffer  capacity  of 
the  solutions  mai<33  it  passible  to  work  with  the  above 
mentioned  pH  values, even  with  a  long  deposition. 

With  the  solutions  testsd  ay  ua  and  in  the  conditions 
we  have  previously  indicated,  nickel  thicknesses  of  more 
than  luG  microns  have  bean  obtained,  without  interruption 
and  without  any  more  care  then  the  proper  replscement  of 
Hi**,  PQ^H”  ~r,d  -•  *n  -h*  tests  csrried  out 

in  our  Laboratories  we  have  been  able  to  confirm  ths  fact 
that  tne  nickel  layers  require  a  reactivation  when  the 
process  has  bean  i  itarrup tad.  In  such  a  contingency  the 
■lantionad  reactivation  may  be  obtained  by  inmeraion  at 
room  temperature,  in  a  2Gu  perchloric  acid  solution. 

A *ter  a  careful  rinsing  tha  panels  should  be  immediately 
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introduced  in  the  nickel  solution.  :.'ith  this  reactivation 
the  adhesion  between  layers  is  completely  satiaf actory . 

The  deposition  rate  is  notably  influenced  by  the  hi**  and 

concentrations  present  in  the  solution;  nevertheless, 
the  values  indicated  in  our  formulations  A  and  “  have  been 
found  more  convenient.  Higher  concentrations  of 
increase  the  deposition  rata  but  with  the  consequent  incre- 
S  ment  of  the  solutions  instability  and  a  decrease  of  the 

yield.  An  increase  of  the  hi**  concentration  unbalances 
the  complex  forming  action  of  the  products  present  in  the 
solution  and  likewise  the  diminution  of  the  mentioned 
®  concentration  which  makes  considerably  decrease  the  depo¬ 

sition  rata  as  wall  as  the  yield.  In  table  II  the  effect 
produced  on  the  deposition  rate  by  a  variation  cf  the  hi** 

f  concentration,  for  a  constant  PG-H”  concentration  may  be 

estimated  and  in  table  III  the  effect  produced,  of  the 
sane  characteristic,  in  solutions  in  which  the  hi**  concen¬ 
tration  was  maintained  constant  and  variable  the  one  of 
J  These  values  are  the  ones  obtained  with  solution: 

in  which  1C  gm/1.  of  nickel  had  already  been  approximately 
daposited  and  in  which,  therefore,  the  concentration 

is  high;  They  are  then  representative  values  of  the 
%  "  deposition  rate  which  may  be  obtained  with  average  life 

solutions  regarding  the  recently  formulated  solutions 
A  snd 

l 


I 


7A2LZ  III 

Constant  Mi*4,  concentration  (5.2  gn/l.) 


p  f!  U- 
2  2 
gn/l. 

Deposition  rata 

{^icrons/hr. ) 

7.4 

7.D 

6.7 

5.7 

5.1 

5.5 

3*5 

4.3 

4.9 

4.3 

I 
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.vs  consider  that  in  our  work  program  the  objectives 
indicated  in  I -1  and  1-2  have  been  satisfactorily  reached. 

The  solutions  employed  in  our  experiments,  the  composition 
and  working  conditions  of  which  we  indicated  in  TI-3.1  and 
II-3.2,  show  a  great  stability,  great  buffer  capacity  and 
their  utilization  may  re  lengthened  even  with  high  concentra¬ 
tions  of  FC^H^  ion  originated  in  the  dehydrogenation  of  tha 
FG_H  ion.  The  nickel  deposits  are  uniform  and  exempt  of 

4.  C. 

pores  even  with  small  thicknesses  (1G...15  microns)  indepen¬ 
dently  of  the  nature  of  the  base  metal  used  in  our  tests.  The 
rightness  of  the  deposits  increases  with  the  thickness  and 
this  may  reach  great  values  provided  the  convenient  component 
replacements  are  carried  out. 

We  must  insist  in  tha  fact  that  the  surface  conditioning 
is  of  vital  importance  in  a  successful  deposition.  As  far 
as  the  aluminum  surfaces  conditioning  is  concerned,  the 
sequences  of  which  have  been  indicated  in  1 1-2. 3, we  consider 
that  the  process  carried  out  in  our  Laboratories  allow  to 
obtain  surfaces  in  proper  conditions  to  receive  self-catalytic 
nickel.  With  regard  to  thia,  we  insist  in  our  criterion  that 
the  zinc  layer  is  dissolved  in  a  short  period  of  time  upon 
introducing  tha  panels  in  the  nickel  solution  and  that  the 
nickel  deposition  occurs  directly  on  the  base  metal  and  not 
over  the  zinc  layer  which,  in  any  case,  should  have  the 
sufficient  thickness  to  hinder  the  aluminum  oxidation  and  et 
the  same  time  should  be  as  small  as  possible  to  allow  its 
rapid  dilution.  The  fact  that  toe  zincata  process  studied 
in  our  Laboratories  may  allow  the  sel^-catalytic  nickel 
deposition  in  solutions  coming  from  well  known  commercial 
firms  confirm  us  its  usefulness  anc  has  allowed  us  to 
astablism  the  characteristics  which  should  have  a  zinc  deposit 
to  receive  layers  of  self-catalytic  nickel  (thickness,  adhe- 
poroai by } . 


m 


civsnass  and 


ions  in  the  '’icksi  solution  does  not 


The  p  re  s  a  r  c  e  or  Z  i 
seen,  to  have  significant  e"."eot  on  the  deposition  rata,  layer 
aspect, stability ,  etc.  At  least  in  the  concentrations  used  in 
our  experiments;  this  aspect  of  the  process,  regarding  the 
presence  of  other  metallic  ions,  has  been  expected  in  successive 
wcr  < s • 

..'3  must  emphasize  the  fact  chat  me  formulations  used  by  us, 
as  far  as  their  composition  are  concerned,  ars  net  critical  and 
allows  a  certain  flexibility  regarding  the  proportions  of  tie 
glycolic  and  citric  acids.  Tha  formulations  with  lactic  acid 
in  combination  with  the  acids  previously  mentioned  have  been 
triad  in  our  Laboratories  and  we  hope,  in  our  successive  works, to 
'33  able  to  confirm  our  criterion  of  obtaining  compromise 
formulations  which  wcuic  allow  the  obtainr.ant  of  deposits  with 
satisfactory  characteristics. 
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